Ascaris Infection and the Utilization of Night Soil as Fertilizer
From the stand-point of night-soil disposal, all countries can be divided into two different types. In one type of them, farmers in rural areas have neither a latrine nor a privy, whereas in the other type of them all the farmer families install latrines or privies.
The epidemiology of ascariasis appears to be quite different between the two types of countries. And Japan belongs to the latter type of countries. Japan has now developed to an industrial country. Yet 30 % (thirty millions) of all population is engaged in agriculture, and among them the custom of utilizing night soil as a fertilizer has been still retained.
The night soil produced by the urban population is partly treated by sewage or by digestion tanks, yet about 45 % of it is transported to the rural areas to be utilized as fertilizer.
Just after the Second World War most part of Tokyo Metropolitan area had been burnt down and not restored to the pre-war condition for years. The residents in make-shift huts cultivated vegetables for their own use in ruined spaces around them utilizing night soil as fertilizer because of lack of the synthetic one. At that time the incidence of ascaris infection among school children in the city center amounted to about 40-50 % of the examined. In 1662, however, the restoration of the city has been completed and the incidence of ascaris infection decreased to about 2-4 %. No vegetable cultivation in the center of the city was seen. This short story about the center of Tokyo suggests a close relationship of the utilization of night soil as fertilizer to ascaris infection, although the periodic mass treatment of ascariasis for school children in recent years contributed much to the decrease of incidences.
The Surviving Period of Ascaris Eggs in Night Soil
In rural areas in Japan, the major part of night soil is transferred from the family latrine to family-or field reservoir tanks and is stored there for about 3-6 weeks till utili- nation. Its transfer to the tank is usually carried out once or twice a month. Ascaris eggs in thetank is found alive considerably long in winter, also in spring and fall. Kutsumi et al. (1958) observed 74-80 % of eggs still alive 3 weeks after the transfer in November and December. Tomomatsu (1961) examined the eggs in night soil randomly collected from 8 different field tanks in May and found 72-90 % of them still alive. In summer, however, its life appears to be shorter.
In September Matsumura (1953) examined those in night soil from 27 field storage tanks and observed 30-100 % of them dead. He considered that such a high mortality as seen in summer might be attributed to the high temperature in August.
The Surviving Period of Ascaris eggs on fields
In contrast to ascaris eggs in storage tanks the longevity of life of the eggs distributed fon the field along with night soil are considered far longer. Kobayashi (1955) distributed fresh night soil containing ascaries eggs on field soil experimentaly every month and the eggs were examined one year after their distribution for their fate. The results showed that 59-100 % of them were still alive and embryonated.
The Development o f Eggs on Fields
All eggs remain at the mono-cell stage before their distribution on fields. No development occurs in night soil for the lack of exygen. Eggs distributed on fields during the cold season remained undeveloped up to April but concurrently start to develop in May and reached the embryonated stage by late May or June. When distributed in summer, they become embryonated within two or three weeks (Kobayashi, 1955) . Komiya et al. (1955) experimentally examined the longevity of life of ascaris eggs in soil and found some of them still alive (embryonated) 500 days after distribution.
The Main Source of Ascaris Infection
Owing to the reason mentioned above, it is easily conceivable that field soils and vegetables are usually contaminated with ascaris eggs. In the year of 1951, when the incidence of ascaris infection amounted to its maximum (about 60 % of all population), Fueki (1952) examined 130 clods of soil from different fields near Tokyo for ascaris eggs. Eggs were recovered from 66 clods (51 %) and the total egg count reached 359 (27 eggs in 100 gr. of soil on the averaoe) , 132 (36.8 %) of which had been embryonated. Table  1 shows the results of monthly examinations.
Maturated eggs in soil can be transmitted from several sources to humans; by consuming raw vegetables and pickles, through contamination of finger tips , by insects, by wind and water, etc. But its main routes are considered to be the first two in rural areas, whereas in urban areas the transmission is chiefly performed only through raw vegetables and pickles. Fueki (1952) examined vegetables from green-grossers as well as from farmers in the vicinity of Tokyo for ascaris eggs with special attention to their embryonation. The number of vegetables examined were 2,750, consisting of 20 different kinds and ascaris eggs were found in 1,178 (42.8 %) specimens, the total number of eggs being 3,949. The average number of eggs per specimen was 3.35 and the total number of the embryonated was 914, representing 23.1 % of the total eggs ( Table 2 ). The develop- mental stages of all eggs found in each month are shown in Table 3 . The rate of embryonated eggs was found to be the highest (58.3 %) in August. He also examined the presence of ascaris eggs on finger tips of 279 school children in the vicinity of Tokyo and found eggs in 17 (6.1 %) of them. About the same time the present authors, with the aid of the educational authorities of Gumma prefecture, had an opportunity of examining the presence of ascaris eggs on finger tips of 2,205 children of primary schools, 833 pupils of middle schools and 563 students of agricultural high schools and found eggs in 11.0 %, 5.6 % and 15.6 % of them, respectively. The Japanese have many chances of inserting their finger tips into the mouth, as such is the usual habits in other nations. A survey revealed that they have more than 32 ways of inserting their finger tips into the mouth.
Such habits are greatly concerned with the invation of the inf ective eggs from finger to month. (Komiya, 1956) .
Raw vegetables, particularly in the form of pickles (Tsukemono), are taken preferably by residents in a rural area. Komiya et al. (1954) reported that more than 22 different kinds of vegetables commonly available were eaten raw frequently.
Recent Trend in the Incidence o f Ascaris Infection in Japan
In Japan more than 8.5 million of people have been examined yearly for helminth eggs since 1948. According to these data the incidence of ascaris infection showed the highest rate in 1949, representing about 60 % of people examined.
At that time even urban people, as already shown above, cultivated vegetables on spaces between ruins for their own use, utilizing night soil as fertilizer. At that time ration of soap remained yet meagre and anthelminthics for ascaris could be scarcely obtained. The high incidence of ascariasis at that time is attributed to these unfavorable circumstances.
Since then, however, the rate of ascaris infection has declined yearly, and in 1961 only 12.8 % of the examined was positive for ascaris eggs. (Fig. 1) Local difference in the incidence of ascaris infection has been found. It is lower in residents of urban areas than in those of rural ones. In 1961 the incidence of ascaris infection among recidents in large cities, such as Tokyo, Osaka, Yokohama, etc., ranged 2-5 % of the population examined, in the rural areas more than 20 % on the average, and in some areas 50 % or more. The high incidence of ascaris infection among the rural residents is considered to be due to the fact that the inf ective eggs are produced only in rural areas and that rural residents have more chances of its infection.
The Charcteritics of Rural Communities in Japan
In Japan the number of families engaged in agriculture are estimated at about 6 million. The smallest administrative unit in rural areas is town or village, which are composed of 10-50 locally reparated communities with 15-150 families. The main source of ascaris infection in such communities originates from fields within the same communities, because night soil produced by members of this community is utilized as fertilizer only within one and the same community.
The influx of eggs from outside is considered usually negligible. Here lies the logical possibility of ascaris control and eradication in a definite rural community independently from others.
The Chief Preventive Measures of Ascaris Infection
Logically three preventive measures are to be applied to the control or eradication of ascariasis. The first is the egg killing technic in night soil, the second the interruption of egg-invasion into the mouth and the third the performance of periodic mass treatment.
As regards the first several chemicals to kill ascaris eggs in night soil by mixing them in the latter have been presented after the war a, b: Kunii et al. 1953 , 1956 , but very few of them proved to be suitable for practical use (Komiya et. al. 1956 ). Among them, the application of sodium nitrite along with calcium superphosphate appears most promissin g.
The fact that sodium nitrite displays a marked ovicidal effect against ascaris eggs in acid medium, was initially reported by Nagano et al. (1952) . The application of this ovicidal compound to night soil, was, however, confronted with difficulty because of the alkalinity of night soil. Recently Kozai (1960) The interruption of invading eggs into the mouth consists chiefly of two: firstly washing out the causative agents from hands before meal and abolition of the habit of inserting finger tips into the mouth , and secondly washing out the agents from edible raw vegetables including pickles. It is said that iodine water solution is highly effective for killing ascaris eggs . But we have no experience of such kind in large scale in Japan. The utilization of synthetic detergent is advisable in the latter case . When properly applied, it can take off 99 % of eggs from vegetables (Kobayashi et al . 1957 ).
The Periodic Mass Treatment and its Preventive
Effect on Ascariasis
The prevention by periodic mass treatment , highly effective if properly performed, has been analysed precisely by the present senior author (Komiya , 1956 (Komiya , , 1958 (Komiya , , 1959 . After the performance of suitable mass treatment in a given rural community , the total number of ascaris is greatly diminished. This result in the prominent reduction of daily egg output, which in turn decreases the chance of reinfection so prominently. Hence when it would be carried out again before the rate of the infection would overtake the level before the treatment, the total number of ascaris in the community would be gradually reduced. The present senior author, with the aid of educational authority of Gumma prefecture, made experiments to determine the times at which mass treatment is undertaken in year to lower the rate of ascaris infection with a minimum effort and a maximum result. The result showed that the rate of infection was lowered gradually when mass treatment was carried out twice a year, provided that the initial rate of infection was below 60% or so. (Gumma Educational Committee, 1954;  Fig. 3 ) Fig. 3 . The decrease of ascaris infection through a practice of mass treatment twice a year. Table 4 shows the decrease in an incidence of ascaris infection among children of 34 schools in Shinjuku Ward in Tokyo metropolitan area by mass treatment done twice a year for several years. This table demonstrated that successive mass treatment lowered the rate of the positive for eggs from 11.6 % to 2.4 %. The anthelmintic preparation used throughout the practice was santonin combined with kainic acid. This combined preparation has been devised and developed in Japan about ten years ago by Takemoto (1954) . When 10 parts of santonin are combined with 1 part of kainic acid this mixture can reveal a prominent anthelmintic effect against ascaris with the least side effect. When the incidence of ascariasis has been reduced among a given community, a gradual change in the rate of those discharging only unfertilized eggs to those haboring eggs, has been empirically noticed. To confirm the change 145 social groups were randomly selected and all members of them were examined for fertilized as well as unfertilized eggs. The data thus obtained were arranged according to the rate of the positive for eggs and in each group the rate of those discharging only unfertilized eggs was calculated. The results showed that the rate of those with only unfertilized eggs increased gradually as the rate of the positive diminished (Fig. 4) . As seen in the figure, when the latter rate decreased to 5 % or less, that of the former attained to 80 % or more.
In such a case those discharging unfertilized eggs alone may be considered generally to habor only one f emal in the main. As already known, the unfertilized egg is non-inf ective because it degenerates in nature. In Japan the main preventive technic of ascariasis in practice is its successive mass treatment. Thus, in the course of its procedure, particularly in a rural community, the number of those discharging fertilized eggs decreases far rapidly as the decrease of the rate of the positive and when the latter rate decreased to about 5 %, the rate of the former will be as low as to 1 % of all community members.
Such a fact indicates the possibility of the follow-up of all members with fertilized eggs and of completely expelling their worm burdens in a large scale.
The fact mentiomed above suggests the possibility to introduce an eradication program into rural communities in Japan.
